The present study was carried out to evaluate the wound healing potential of crude aqueous extract of Stevia rebaudiana (Bertoni) Bertoni, Asteraceae, in experimental animals. All experiments were conducted following standard procedures. The crude extract was administered topically in graded doses of 150, 250 and 500 mg/ kg b.w. was used for evaluating the wound healing potential in excision wound model for fourteen days and orally in the incision wound model for ten days, respectively. Povidone iodine ointment was used as standard (5.0% w/w). Dose dependent activities resulted in both the wound models when compared to the standard (povidone iodine) and the control. Topical application of crude aqueous extract of S. rebaudiana (500 mg/ kg b.w) in excision wound model decreased signifi cantly the wound area by 15 th day, i.e. 48.2±2.0 compared with control 94.1±1.2. Epithelization time was decreased from 17.3±0.21 to 12.0±0.10 and hydroxylproline content was increased from 32.2±0.11 to 67.6±0.10 when compared with control. In incision wound model breaking strength of wounds, wet and dry granulation of the tissue weight and hydroxyproline were increased signifi cantly from control with AESR. In conclusion, AESR leaves accelerated wound healing activity in mice and thus supports its traditional use. and the specimen copy was preserved in the dept herbarium (Herbarium No: SJPC/09/Stevia/2008-09) for future reference. The plant sample (leaves) was collected and oven dried at 60 °C for Article Wound healing potential of aqueous crude extract of Stevia rebaudiana in mice Kuntal Das Rev. Bras. Farmacogn. Braz. J. Pharmacogn. 23(2):
Introduction
A large number of plants are used by folklore traditions in India for treatment of cuts, wounds and burns. Various research data revealed that plants may worked as healing and regeneration of the tissue by multiple mechanisms. There are several reports stating that the extracts of several plants, used for wound healing properties (Stephen et al., 2010; Pirbalouti et al., 2010; Subhashini & Arunachalam, 2011; Dewangan et al., 2012) . Ofl ate, Stevia rebaudiana (Bertoni) Bertoni, plant (SR) was originated from South America (Paraguay and Brazil), belongs to the family Asteraceae (Bertoni, 1905) , claimed as a potent wound healing plant. The leaf part is most medicinally important in traditional system of medicine and it has hypoglycemic, oral contraceptive, cardiovascular, and antimicrobial activities. It is also used for weight loss, digestive and skin problems (Mourey, 1992; Ghosh et al., 2008) . Traditional uses and earlier reports have revealed, enhanced healing with less scarring of cuts, wounds, burns, acne, seborrhea, dermatitis, and psoriasis after topical application of aqueous Stevia extracts (Mourey, 1992; Rita Elkins, 1997) . These are mainly comprised of stevioside, steviobioside, rebaudioside A, B, C, D, dulcoside A, B (Leung & Foster, 1996) . The non sweet constituents mainly are labdane, diterpenes, triterpenes, sterols and fl avonoids. Stevioside is the main constituent, is abundantly available in the plant (10-18% w/w in dry basis). It plays major role in various fi elds like sugar substitute, medicinal fi elds and also folk remedies. Though this plant have been screened scientifi cally for evaluation of their various activities in different pharmacological models, but the potential of wound healing activity of the traditionally used Stevia plant is remains unexplored. Hence in the focus of Stevia's use in the management of diverse diseases and treatment of skin ulcer in folklore medicine, the present study was conducted to investigate the excision and incision wound healing potential of SR aqueous leaf extract in mice. 6 h. The dried leaves were stored at 4 °C and were used for the further process.
Preparation of Stevia extract
Dried Stevia leaves (250 g) was extracted with distilled water using reflux condenser for 6 h after standardization of the method. Oven temperature was maintained at 45 °C. Extract was collected and filtered using Whatman No 1 filter paper and the filtrate was then subjected to evaporation under reduced pressure to get a soft extract. The yield of the extract was 28% (w/w).
Phytochemical screening methods
Aqueous extract was evaluated for presence of various phytoconstituents by performing different qualitative chemical tests reported. The results of preliminary phytochemical screenings studies for crude aqueous extract of S. rebaudiana (AESR) leaf showed the presence of tannins, carbohydrate, saponins, diterpenes, flavonoids and polyphenolic compounds (Khandelwal, 2005) . Further the presence of the active constituents was confirmed by thin layer chromatography (TLC).
Animals
The protocol of the study was approved by the Local Ethical Committee for animal experimentation (Ref no. IJAHSM/IAEC/2008/008). The mice were obtained from NIMHANS, Bangalore, India and kept in animal house in standard conditions of temperature (28±2 o C) and relative humidity (46±6%) with 12-h light-dark cycle and adequate ventilation. They were provided food and water ad libitum during the whole period of the experiment.
An acute toxicity study was conducted according to the staircase method. Toxicity studies conducted as per internationally accepted protocol drawn under OECD (Organization for Economic Cooperation and Development) guidelines 420 in Swiss albino mice at a dose level of extracts up to 2000 mg/kg. The animals were physically active and were consuming food and water in a regular way. Male albino Swiss mice weighing 25-30 g were used in wound healing model experiments. A total of three animals would used for each dose level investigated. The starting dose for the sighting study was selected from the fixed dose levels of 5, 50, 300 and 2000 mg/ kg as a dose expected to produce evident toxicity. The extracts were administered in a single dose by gavage using a stomach tube or a suitable intubation canula. A period of 24 h would be allowed between the dosing of each animal. All animals were observed for the body weights, relative weights of the kidneys, livers, lungs and hearts, food consumption etc for fourteen days.
Wound healing activity
Excision and incision wound models were used to evaluate the wound healing activity of AESR.
Excision wound model
The mice were anaesthetized prior to creation of the wounds, with 1 mL of intravenous ketamine hydrochloride (10 mg/kg body weight). The dorsal fur of the animal was shaved with an electric clipper and the area of the wound to be created was outlined on the back of the animals with methylene blue using a circular stainless steel stencil. A full thickness of the excision wound of 2.5 cm in width (circular area 4.90 cm 2 ) and 0.2 cm depth was created along the markings using toothed forceps, a surgical blade and pointed scissors ( Figure 1 ). The entire wound left open (Diwan et al., 1982; Patil & Kulkarni, 1984) . All the surgical interventions were carried out under sterile condition. The animals were divided into five groups of six each and the following treatments were given once daily for fourteen days: The measurements of the wound areas of the excision wound model were taken on 1 st , 5 th and 15 th day following the initial wound using transparent paper and a permanent marker. The recorded wound areas were measured with graph paper. Progressive decrease in the wound size was monitored periodically. Wound closure, epithelialisation time and weight of the tissue were studied. The period of epithelialisation was calculated as the number of days required for falling of the dead tissue remnants without any residual raw wound. In the excision wound model, granulation tissue formed on the wound was excised on the 15 th postoperative day and its weight recorded. The tissue was dried in an oven at 60 °C and the dry weight was again noted. Acid hydrolysate of the dry tissue was used for the determination of hydroxyproline (Neuman & Logan, 1950 ).
Incision wound model
The mice were anaesthetized prior to and during creation of the wounds, with 1 mL of intravenous ketamine hydrochloride (10 mg/kg body weight). The dorsal fur of the animals was shaved with an electric clipper. A longitudinal paravertebral incision of 6 cm long was made through the skin and cutaneous tissue on the back as described by Dash et al., (2009) . After the incision, the parted skin was sutured 1 cm apart using a surgical thread and curved needle. The wounds were left undressed ( Figure 2) . The sutures were removed on the 8 th post wound day the experiment was carried out under sterile conditions. The animals were divided into five groups of six animals each and following treatments were applied: Group I: Control (normal saline). Group II: Standard Povidone iodine ointment (5.0%). Group III: AESR of 150 mg/kg b.w. Group IV: AESR of 250 mg/kg b.w. Group V: AESR of 500 mg/kg b.w. Finally the skin-breaking strength was measured by the method of Lee (1968) on the 10 th day evening after the last application. Then the granulation tissue was taken on the 11 th day for determination of hydroxyproline.
Histopathological study
The healing tissues obtained on the 11 th day from all groups of animals of the incision wound model were processed for histological study. A specimen sample of the tissue was isolated from the healed skin of each group of mice for the histopathological examination (Sadaf et al., 2006) . The cross sectional full thickness skin specimens from each group were collected at the end of the experiment to evaluate the histopathological alterations. Samples were fixed in 10% buffered formalin, processed and blocked with paraffin and then sectioned into 5 μm thick sections. The amount of collagen was quantified using Vangeison stain. The different animal groups were assessed blindly by the pathologist and results were compared with the control groups.
Statistical analysis
The results were subjected to statistical analysis by using one way ANOVA followed by Turkey Krammer Multiple Comparison Test. Values of p<0.05 were considered statistically significant.
Result

Acute toxicity study
The acute toxicity test after oral administration of 2000 mg/kg of extracts revealed no toxicity at this dose. There were no significant alterations in water or food consumption, or body weight during the experiment. The body weights, relative weights of the kidneys, livers, lungs and hearts were not statistically different from those of the control group. The LD50 of the extract was found to be >2000 mg/kg body wt.
Wound area
The effect of different concentration of AESR on excision wound model in mice was tabulated in Table 1 . AESR (500 mg/kg b.w) treated animals showed significant reduction in the wound area (p<0.05), faster rate of epithialization (12.0±0.10) and increased dry weight of the tissue (p<0.05) when compared with the control group of animals. The granulation tissue weight and hydroxyproline content were moderately high (p<0.05) in comparison to the control group of animals.
Further, the results of the wound healing effect of SR extracts in the incision wound model presented in Table 2 . All extracts show the significant effects of wound healing potential by does dependent manner. In an incision wound model, SR-treated animals (500 mg/kg b.w) were demonstrated significant skin-breaking strength up to 458.6±4.22 when compared to control animals (343.12±3.12). Significant increase in the weight of the granulation tissue and hydroxyproline content (p<0.05) were also observed in animals treated with the same concentration of the Stevia extract (500 mg/kg b.w) when compared to the control group of animals.
Histological evaluation
Histological evaluation was carried out for both the treated and untreated mice. Histological examination revealed the wound healing process of the wounded tissue in AESR (500 mg/kg b.w) treated mice was comparably close to the reference drug treated mice. No healing was observed in negative control group. Granulation tissue primarily contains fibroblasts, collagen fibers, very less oedema and newly generated blood vessels which were also observed in leaf extract treated mice. The histopathological examination provided additional evidence for the experimental wound healing studies which was based on the contraction value of wound area and the measurement of tensile strength. There was a full thickness epidermal regeneration which covered completely the wound area. The epidermis was thick and disorganized, especially when compared with the adjacent normal skin. In all, complete epitheliazation (Figure 3a) , more collagen fibers and less infiltration of tissue were observed in treated mice ( Figure  3 b-e).
Discussion
Wound healing is a complex process of restoring cellular structures and tissue layers in damaged tissue together to its normal state and commencing in the fibroblastic stage where the area of the wound undergoes shrinkage (Chitra et al., 2009) . It comprises of different phases such as contraction, granulation, epithelization and collagenation (Ayyanar & Ignacimuthu, 2009; Wild et al., 2010) . Wound healing can be discussed in three phases viz. Inflammatory phase, proliferative phase and maturational or remodelling phase. The inflammatory phase is characterized by haemostasis and inflammation. Proloferative phase is followed by epithelialization, angiogenesis and collagen deposition. In the maturation phase, the wound undergoes contraction resulting in a smaller amount of apparent scar tissue (Phillips et al., 1991) . Granulation tissue which is formed in the final part of the proliferative phase is primarily made up of fibroblasts, collagen, oedema and new small blood vessels. The increase in dry granulation tissue weight in the test treated animals suggests higher protein content (Devipriya & Shyamladevi, 1999) . AESR demonstrated a significant increase in the hydroxyproline content of the granulation tissue indicating increased collagen turnover. Collagen is a major protein of the extracellular matrix and is the major component that ultimately contributes to wound strength (Pattanayak et al., 2008) . Breakdown of collagen liberates free hydroxyproline and its peptides. Measurement of the hydroxyproline could be used as an index for collagen turnover (Sasidharan et al., 2012) . In this investigation two models were used to assess the effect of the AESR as both applied topically and orally. The 500 mg/kg b.w AESR was recorded similar effectiveness when compared to the group treated with a commercial brand of povidone iodine ointment but the magnitude was lesser than standard. The results of the present investigation showed that SR has a definite wound healing action.
The data from excision model revealed that all the different three doses of AESR exhibited significant wound healing promoting activity. However, the effect was found to be concentration related fashion where 500 mg/kg b.w. dose resulted with significant wound-healing activity by decreasing period of epitheliazation, formation of granulation tissue, synthesis of collagen and by increased in the rate of wound contraction as compared to the control animals. Further the hydroxyproline content of the granulation tissue of the animals treated with AESR (500 mg/kg b.w) was significantly increased when compared to the control and the group of animals treated with the same at 150 and 250 mg/kg b.w respectively indicating increased collagen turnover. In addition, increased in breaking strength, dry and wet tissue weight in incision model were also indicated the presence of higher protein content. The preliminary phytochemical analysis of AESR revealed the presence of tannins, carbohydrate, saponins, diterpenes, flavonoids and polyphenolic compounds. Flavonoids are known to reduce lipid peroxidation not only by preventing or slowing the onset of cell necrosis but also by improving vascularity. Hence, any drug that inhibits lipid peroxidation is believed to increase the viability of collagen fibrils by increasing the strength of collagen fibres, increasing the circulation, preventing the cell damage and by promoting the DNA synthesis (Getie et al., 2002) . Studies were revealed that flavonoids (Tsuchiya et al., 1996) are also known to promote the wound healing process mainly due to their astringent and antimicrobial properties which appear to be responsible for the wound healing and increased rate of epithelialisation (Tsuchiya et al., 1996) . Tannins are the main components of many plant extracts and they act as free radical scavengers (Bekerecioglu et al., 1998; Marja et al., 1999; Raquel et al., 2000) . Overall the histopathological examinations showed that healing process of the wounded tissue in AESR group was comparably close to the reference drug treated group, whereas no healing was observed in negative control group (untreated). The histopathological observations were provided additional evidence for the experimental wound healing studies based on the contraction value of wound areas and the measurement of tensile strength (Figure 3 a-e ). An increased in blood vessel and the role of antioxidant were also revealed earlier (Allen et al., 2005) . Flavonoids (Vinothapooshan et al., 2010) tannins (Chaudhari & Mengi, 2006) and saponins (Murti et al., 2011) are also known to promote the wound-healing process mainly due to their astringent and antimicrobial property, which seems to be responsible for wound contraction and increased rate of epithelialisation (Deshmukh et al., 2009) . Similar types of wound-healing activity were reported on Vernonia arborea (Manjunatha et al., 2005) and Pentas lanceolata (Nayak et al., 2005) .
It was observed that all the extracts were comparable with the standard. Thus it may be concluded that AESR has the potential to satisfy all requirements of an ideal dressing material in that it provides an environment at the surface of the wound in which healing took place at the maximum rate consistent with the formation of granulation tissue. The plant extracts left no prominent scar at the wound sites while povidone iodine ointment treated groups had prominent scars. This property which is lacking in povidone iodine and other synthetic drugs used for wound treatment in general is of cosmetic importance especially to people who are prone to scar formation. So the study provides a rationale for the use of Stevia preparations in the traditional system of medicine to promote wound healing. This effect may be explained by several mechanisms such as coating the wound, forming complexes with proteins of microorganism cell wall, chelating free radicals and reactive oxygen species, stimulating the contraction of the wound and increasing the formation of new capillaries and fibroblasts. Further the extract did not produce any adverse effect and because of this it is possible to recommend its use in the treatment of wounds.
Conclusion
The study thus demonstrated the wound healing activity of aqueous extract of the leaf of SR and found to be effective in the functional recovery of the wound healing by dose dependent manner. The result may be attributed to the phytoconstituents present in it which may be either due to their individual or cumulative effect that enhanced wound healing and provided scientific evidence to the ethnomedicinal futures of Stevia rebaudiana.
